Methods: Register data were collected prospectively using doctors´ forms and patient questionnaires. Information about vaginal preparation routines in the clinics were achieved retrospectively by an e-mail survey. Multiple logistic regression analyses models were used to determine associations and risk factors.
Introduction
Infectious morbidity is a common postoperative complication after hysterectomy for benign conditions (1) . In a large prospective Finnish register study encompassing more than 10 000 hysterectomies, the overall complication rates were 17.2, 23.3 and 19.0%, respectively for abdominal, vaginal and laparoscopic hysterectomy. The corresponding infectious morbidity rates were 10.5, 13.0 and 9.0%, respectively, indicating that infectious morbidity is the single most common complication after hysterectomy independent of mode of surgery (2) .
Various preventive measures such as the use of prophylactic antibiotics have been taken to reduce the morbidity. Other preventive measures are often carried out concomitantly with the use of prophylactic antibiotics but these are rarely adjusted for in the results of studies describing the effect of the prophylactic antibiotics on postoperative infectious morbidity in hysterectomy. One of these measures is vaginal cleansing. In a recently published study we presented findings on the influence of vaginal cleansing on infectious morbidity in abdominal total hysterectomy that showed that vaginal cleansing using chlorhexidine solution was not superior to hysterectomy without any vaginal cleansing (3) . Quite to the contrary, vaginal cleansing using saline solution was associated with a significantly higher rate of cases of postoperative infectious morbidity than occurred if there was no use of vaginal cleansing or if chlorhexidine solution was used. Vaginal cleansing is commonly used in the preoperative preparation in hysterectomy, independent of mode of surgery. Despite a lack of scientific evidence of efficacy vaginal preparation is advocated in some text books in gynecological surgery (4, 5) . Very few randomized studies have been published concerning vaginal cleansing in hysterectomy (6) (7) (8) (9) (10) . Furthermore, no general conclusion can be made from these trials since none of them have compared results of antiseptic use with results from cleansing using saline solution or no cleansing at all. Amstey and Jones in 1981 suggested that cleansing with saline solution would reduce the number of bacteria by simple dilution (11) .
In Sweden, vaginal cleansing is not consistently used in the preoperative vaginal preparation before hysterectomy and the mode of cleansing varies between hospitals. The aims of this study were to evaluate whether preoperative vaginal preparation routines influence postoperative infectious morbidity in vaginal hysterectomy and to analyze risk factors for postoperative infectious morbidity.
Material and methods
This study is based on data extracted from the Swedish National Register for Gynecological Surgery and retrospectively collected information from the clinics about preoperative vaginal preparation routines.
The data used were the prospectively collected data in the Register of the cohort of women undergoing vaginal and laparoscopically assisted vaginal hysterectomy for benign conditions between January 1, 2000 and February 1, 2008. In May 2008 an e-mail survey about vaginal preparation routines employed preoperatively for all cases of vaginal and laparoscopic assisted vaginal hysterectomy was sent to all 43 hospitals enrolling patients in the Register during the time period. Responses were received from all participating clinics. In the survey the clinics were asked to answer whether they routinely used vaginal cleansing preoperatively during the period and, if so, which disinfectant was used. If the vaginal preparation routine had changed during the study period the clinic was required to give information about when and how the change had been carried out.
In this study extracted data and the definitions of postoperative infectious morbidity were similar to those previously published in the Swedish National Register for Gynecological Surgery concerning hysterectomy on benign indications (3, 12) . Briefly, data were collected prospectively using doctors´ forms and patient questionnaires. Demographic, clinical and surgical data were accumulated pre-, per-and postoperatively for all patients during the hospital stay At discharge data were registered about postoperative infectious morbidity and treatments during the hospital stay comprising 1) febrile morbidity (temperature >38ºC for > 2 days); 2) abdominal wall wound infection; 3) vaginal cuff infection; 4) lower urinary tract infection (UTI); 5) upper UTI; 6) intra abdominal infection; and 7) sepsis. 
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The study was approved by the Regional Ethics Board of Linköping University (Registration nr M19-07; amendment T4-09). Date of approval January 24; 2007 and for the amendment January 9, 2008). antibiotics. The multivariate analyses were conducted in two steps. First, the above mentioned confounding factors were entered simultaneously in the models. Secondly, additional potential confounding factors were analyzed in the above mentioned models by testing them one by one in order to evaluate the predictive value of these factors in the occurrence of overall postoperative infectious morbidity at long term.
Statistical analysis
The results are presented as odds ratios (ORs) with 95% confidence interval (CI). Level of significance was set at p<0.05.
Results
The flow chart (Figure 1) illustrates the study population and the distribution of mode of vaginal preparations at enrolment, at discharge from hospital and at 6-8 weeks follow-up.
Forty three clinics reported data to the Register during the study period. Forty one of the 43 clinics had consistent routines concerning vaginal preparation according to the e-mail survey. In the remaining two clinics the vaginal preparation was left to the surgeon's discretion. Since no information about vaginal preparation was available in the individual case, these two clinics were excluded from the study. Eventually the study population comprised the 6 496 women for whom there was information about vaginal cleansing.
Six (14.6%) of the 41 clinics did not use vaginal cleansing preoperatively, five (12.2%)
used saline solution and 30 (73.2%) used chlorhexidine solution. During the study period, two clinics changed from using chlorhexidine to using saline solution and two clinics altered from using chlorhexidine to not performing vaginal cleansing preoperatively. The median number of women enrolled in the study from each clinic was 100 (range 1 -1 009). Table 1 shows the demographic and clinical data of the study population subdivided according to type of vaginal cleansing. Statistically significant differences were found between groups in several aspects.
The infectious morbidity registered during the hospital stay in relation to mode of vaginal cleansing is presented in Table 2 . The infectious morbidity rate registered at discharge from hospital was 1.8% (117/6 393). Only vaginal cleansing using saline solution deviated statistically significantly and was a risk factor for lower and upper urinary tract infection and for infectious morbidity overall.
At follow-up the overall postoperative infectious morbidity rate was 13.2% (773/5 802).
No significant differences were found in postoperative infectious morbidity rates between the three different routines of preoperative vaginal preparation (Table 3 ). The results of the multivariate analyses concerning predictive factors for postoperative infectious morbidity are shown in 
Discussion
The results of this study imply that preoperative vaginal cleansing using chlorhexidine or saline solution does not seem to reduce the overall postoperative infectious morbidity in vaginal hysterectomy more than not using vaginal cleansing. However, using saline solution for vaginal cleansing seems to increase the risk of infectious morbidity nearly three-fold in the immediate postoperative period. This is particularly true for urinary tract infections.
The study confirmed that prophylactic antibiotics reduce the risk of postoperative infections after hysterectomy, and obesity and younger age increase the risk.
This retrospective study is based on data from the Swedish National Register for
Gynecological Surgery which has registered data prospectively on hysterectomy for benign conditions since 1996. Several papers have been published based on data from the Register, a source (the Register) that has been well described and evaluated (3, (12) (13) (14) (15) (16) . The completeness of data and the questionnaires in the Register is high (3, 12, 15) . Epidemiologic retrospective studies always include certain inherent limitations such as bias or lack of information. No information was given concerning delayed postoperative infectious morbidity of the nonresponders of the 6-8 weeks postoperative questionnaire in the Register. This may be a bias in the study since the analysis has been done with the assumption that the non-responders were missing completely at random. The results should consequently be interpreted accordingly.
In this study the information about mode of preoperative vaginal preparation was collected retrospectively and reported by the clinics whereas information in the Register is reported on an individual basis. This may be a source of bias in the study. However, in
Sweden preoperative vaginal preparation is usually carried out by the operation room nurse.
This results in high compliance in conduction of the routine. In two clinics the decision of whether and how vaginal preparation should be carried out was decided by the surgeon in the individual case. These clinics were therefore excluded from the study.
The study population was heterogeneously distributed regarding demographic and clinical data as shown in Table 1 minutes after vaginal scrub) the proportion of contaminated specimens was lower in the chlorhexidine group but only at the 30 minutes sample the difference reached statistically significance, probably due to a low number of participants in the study. No infectious morbidity was observed between two and six weeks after the operation. The study was inconclusive concerning determination of which method was best to reduce infectious morbidity. The authors' conclusion was to ask the question: "Why not use an antiseptic that make the operative field cleaner since the purpose of the scrub is to reduce the number of pathogens in the operative field?"
The evidence that supported the use of chlorhexidine as a vaginal preparation to reduce infections has mainly been based on studies in obstetrics analyzing the effect of vaginal chlorhexidine disinfection during labour for the prevention of peripartal infections (18, 19) . In the present study no information is given about which dilution of chlorhexidine that was used, how the vaginal preparation was done or when it was carried out. These factors may be of importance in determining the nature of the antiseptic effect and the effect on postoperative infectious morbidity (17).
We found no significant difference in overall postoperative infectious morbidity between women who had had vaginal cleansing using chlorhexidine and non-users of vaginal cleansing but in the immediate postoperative period vaginal cleansing using saline solution fell out as a significant risk factor for infections, in particular urinary tract infections. These results cohere with those of our previous study concerning vaginal cleansing and abdominal total hysterectomy (3). The overall postoperative infectious morbidity rate in this study was similar to that reported for abdominal hysterectomy (3). This however seems to contradict the results of the Cochrane Review by Nieboer et al. (1) , where the rate is higher after abdominal hysterectomy.
Urinary tract infections are common after insertion of indwelling catheters. In the present study no information is available in the Register about perioperative use or duration of use of the catheter or about the routine of periurethral cleansing. Bacteria can get into the catheterized bladder by direct inoculation at the time of catheter insertion and extraluminally by ascending from the urethral meatus along the catheter-urethral interface, and intraluminally by reflux of the organisms into the catheter lumen (20) . However, it seems that urethral meatus cleansing using antiseptic or water before insertion of the catheter does not reduce the risk of bacteriuria (21) . The increased risk of urinary tract infection after vaginal cleansing using saline solution as seen in this study can therefore hardly be explained by concomitant cleansing of the periurethral area with saline. Instead it may be plausible that the vaginal flora may be disturbed in the recovery after vaginal cleansing by the dilution effect of the saline (11) leading to an initial predominance of bacteria other than lactobacilli which may be more prone to ascending along the catheter surface and be more pathogenic for the urinary tract.
An essential factor in the development of postoperative infectious morbidity in abdominal hysterectomy is the magnitude of bacterial contamination from the vagina during the surgery (22) . Despite an obvious higher risk for bacterial contamination of the pelvis by the vaginal manipulation during the vaginal surgery we could not verify any increased risk of pelvic infections in women who had no vaginal cleansing compared with those who had
cleansing. There may be some selection bias since cases with obvious preoperative vaginal infections such as bacterial vaginosis would be treated for a longer time with antibiotics and not simply with antibiotic prophylaxis. This issue is not dealt with specifically in the Register.
In accordance with other studies this study confirms that age, BMI, prophylactic antibiotics, peroperative injury of the urinary bladder, and duration of hospital stay are independent risk factors for infectious morbidity after hysterectomy (12, 23, 24) . Smoking habits has been shown to be a significant risk factor for perioperative complications including infections in surgery including pelvic reconstructive surgery (25, 26) . In this study smoking habits were not an independent risk factor for infections. Because of the minimally invasive character of vaginal hysterectomy the negative systemic effects of tobacco smoking on the healing (25) may not exceed the limits for an uncomplicated healing process.
We found a significant association between postoperative infections and operative time in vaginal hysterectomy. This is contrary to what has been observed in abdominal hysterectomy (3, 12, 24) . The reason for this may be that the surgical field in vaginal hysterectomy is exposed to the vaginal flora during entire operation and surgical and 
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